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REFRIGERATING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a multi type refrigerating 
apparatus in Which a plurality of user side circuits are con 
nected in parallel to a heat source side circuit. 

BACKGROUND ART 

Multi type refrigerating apparatuses have been known con 
ventionally in Which a plurality of user side circuit are con 
nected in parallel to a heat source side circuit and user side 
heat exchangers provided in the user side circuits serve as 
evaporators to perform a cooling operation for a refrigeration 
cycle. The refrigerating apparatuses of this kind are used as 
air conditioners for air conditioning in rooms by indoor units 
in Which the user side circuits are provided, for example. 

The refrigerating apparatuses of this kind are grouped into 
tWo of: one performing the expansion stroke of the refrigera 
tion cycle in the user side circuits With an expansion valve 
provided in each user side circuit; and the other performing 
the expansion cycle of the refrigeration cycle in the heat 
source side circuit With an expander provided in the heat 
source side circuit (see Patent Document 1, for example). The 
latter refrigerating apparatus is more excellent in COP (coef 
?cient of performance) than the former one because a com 
pressor can be driven by utiliZing poWer generated in asso 
ciation With expansion of the refrigerant and recovered in the 
expander. In the latter refrigerating apparatus, hoWever, the 
refrigerant ?oWing out from the expander is in a tWo-phase 
state of vapor and liquid. The refrigerant in the tWo-phase 
state receives in?uence of the gravity and pressure loss in 
moving to the user side circuits in the cooling operation to 
cause imbalance in the state of the supplied refrigerant (a ratio 
of liquid refrigerant to gas refrigerant) betWeen the user side 
circuits, thereby inviting dif?culty in control on cooling 
capacity. For example, if the installation levels of the user side 
circuits are different from each other, the refrigerant supplied 
to the upper user side circuit has a greater ratio of the gas 
refrigerant, so that the refrigerant goes short in the upper user 
side circuit, inviting dif?culty in appropriate adjustment of 
the cooling capacity. 
Patent Document 1: Japanese Patent Application Laid Open 
Publication No. 2003-121015 

SUMMARY OF THE INVENTION 

Problems that the Invention is to Solve 

In the conventional refrigerating apparatus, the refrigerant 
in the gas-liquid tWo-phase state ?oWing out from the 
expander is distributed to the user side circuits in the cooling 
operation. The liquid refrigerant and the gas refrigerant of the 
refrigerant in the gas-liquid tWo-phase state are different form 
each other in gravity and pressure loss received in moving. 
This involves dif?culty in accurate adjustment of each 
amount of the refrigerants supplied to the user side circuits, 
leading to dif?culty in appropriate adjustment of the cooling 
capacity of each user side circuit. 

Further, the refrigerating apparatus of Patent Document 1 
sends only the liquid refrigerant separated in a gas-liquid 
separator to the user side circuits, and less or no difference in 
pressure of the refrigerant is observed betWeen at the outlet of 
the heat source side circuit and at the inlets of the user side 
circuits. Accordingly, in the case Where the user side circuits 
receive different pressure losses caused in the course of 
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2 
refrigerant ?oWing from the heat source side circuit to the 
user side circuits, such as the case Where the user side circuits 
are different from each other in installation level or piping 
length from the heat source side circuit, it is dif?cult to adjust 
the cooling capacity of each user side circuit appropriately. 
Speci?cally, even if the amount of the refrigerant supplied to 
each user side circuit is adjusted by providing ?oW adjusting 
valves, since the refrigerant is liable to less How in a user side 
circuit receiving a large pres sure loss caused betWeen the heat 
source side circuit and the user side circuit, the refrigerant 
may be supplied insuf?ciently. As a result, insuf?cient cool 
ing is performed With the short amount of the refrigerant in 
the user side circuit. 
The present invention has been made in vieW of the fore 

going and has its object of achieving, in a refrigerating appa 
ratus in Which a plurality of user side circuits are connected in 
parallel to a heat source side circuit including an expander, 
appropriate adjustment of the cooling capacity of each user 
side circuit in a cooling operation irrespective of the location 
of the user side circuits. 

Means for Solving the Problems 

A ?rst aspect of the present invention is directed to a 
refrigerating apparatus (20) Which includes a refrigerant cir 
cuit (10) performing a refrigeration cycle by circulating 
refrigerant, the refrigerant circuit (10) including: a heat 
source circuit (14) provided With a compressor (30), an 
expander (31), and a heat source side heat exchanger (44) and 
a plurality of user side circuits (11, 12, 13) respectively pro 
vided With user side heat exchangers (41, 42, 43) and con 
nected in parallel to the heat source side circuit (14), and 
Which is capable of performing a cooling operation Where the 
heat source side heat exchanger (44) serves as a condenser 
While the user side heat exchangers (41, 42, 43) serve as 
evaporators. Wherein, the refrigerating apparatus is capable 
of performing a cooling operation Where the heat source side 
heat exchanger (44) serves as a condenser While the user side 
heat exchangers (41, 42, 43) serve as evaporators, and the heat 
source side circuit (14) includes cooling means (36, 45) for 
cooling the refrigerant sent from the expander (31) to the user 
side circuits (11, 12, 13) in the cooling operation. 

Referring to a second aspect of the present invention, in the 
?rst aspect, the user side circuits (11, 12, 13) include opening 
variable user side expansion valves (51, 52, 53) on upstream 
sides in the cooling operation of the user side heat exchangers 
(41, 42, 43), respectively. 

Referring to a third aspect of the present invention, in the 
second aspect, the cooling means (36, 45) includes a cooling 
expansion mechanism (36) Which reduces a pressure of a part 
of the refrigerant having been condensed in the heat source 
side heat exchanger (44) and ?oWing therein and a cooling 
heat exchanger (45) Which cools the refrigerant sent from the 
expander (31) to the user side circuits (11, 12, 13) by heat 
exchange With the refrigerant of Which pressure has been 
reduced in the cooling expansion mechanism (36). 
A fourth aspect of the present invention is directed to a 

refrigerating apparatus (20) Which includes a refrigerant cir 
cuit (10) performing a refrigeration cycle by circulating 
refrigerant, the refrigerant circuit (10) including: a heat 
source circuit (14) provided With a compressor (30), an 
expander (31), and a heat source side heat exchanger (44) and 
a plurality of user side circuits (11, 12, 13) respectively pro 
vided With user side heat exchangers (41, 42, 43) and con 
nected in parallel to the heat source side circuit (14), and 
Which is capable of performing a cooling operation Where the 
heat source side heat exchanger (44) serves as a condenser 
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While the user side heat exchangers (41, 42, 43) serve as 
evaporators. Wherein, the user side circuits (11, 12, 13) 
include opening variable user side expansion valves (51, 52, 
53) on upstream sides in the cooling operation of the user side 
heat exchangers (41, 42, 43), respectively, and the heat source 
side circuit (14) includes a gas-liquid separator (35) for sepa 
rating the refrigerant ?oWing from the expander (31) into 
liquid refrigerant and gas refrigerant and for sending the 
liquid refrigerant to the user side circuits (11, 12, 13). 

Referring to a ?fth aspect of the present invention, in the 
fourth aspect, a gas pipe (37) for sending the gas refrigerant in 
the gas-liquid separator (35) to the compressor (30) is 
mounted at the gas-liquid separator (35). 

Referring to a sixth aspect of the present invention, in the 
fourth aspect, the compressor (30) includes a loW-stage com 
pression mechanism (30a) and a high-stage compression 
mechanism (30b) Which are connected to each other in series, 
the high-pressure compression mechanism (30b) compress 
ing further refrigerant having been compressed in the loW 
stage compression mechanism (30a), and a gas pipe (37) for 
sending the gas refrigerant in the gas-liquid separator (35) to 
the high-stage compression mechanism (30b) is mounted at 
the gas-liquid separator (35). 

Referring to a seventh aspect of the present invention, in 
any one of the ?rst to sixth aspects, the refrigerant circuit (10) 
is set so that a high pressure of the refrigeration cycle is higher 
than a critical pressure of the refrigerant. 
4Operationi 
In the ?rst aspect, the refrigerant condensed in the heat 

source side heat exchanger (44) ?oWs into the expander (31) 
in the heat source side circuit (14) in the cooling operation. 
The refrigerant expanded in the expander (31) is in a gas 
liquid tWo-phase state Where gas refrigerant and liquid refrig 
erant are present. The refrigerant in the gas-liquid tWo-phase 
state ?oWing out from the expander (31) is cooled in the 
cooling means (36, 45) so that the gas refrigerant included 
therein is lique?ed to be in a single liquid state. The liquid 
refrigerant cooled in the cooling means (36, 45) is distributed 
to the user side circuits (11, 12, 13). 

In the second aspect, the opening variable user side expan 
sion valves (51, 52, 53) are provided in the user side circuits 
(11, 12, 13), respectively, so that the refrigerant expanded in 
the expander (31) of the heat source side circuit (14) can be 
expanded also in the user side circuits (11, 12, 13) in the 
cooling operation. Namely, the expansion stroke of the refrig 
eration cycle is performed not only in the heat source side 
circuit (14) but also in the user side circuits (11, 12, 13). 

In the third aspect, the cooling expansion mechanism (36) 
and the cooling heat exchanger (45) composing the cooling 
means (36, 45) are used for cooling the refrigerant in the 
gas-liquid tWo-phase state ?oWing from the expander (31). In 
the cooling expansion mechanism (3 6), a part of the refriger 
ant condensed in the heat source side heat exchanger (44) is 
expanded to a have loW temperature and a loW pressure. The 
refrigerant in the gas-liquid tWo-phase state ?oWing out from 
the expander (31) is heat exchanged With the refrigerant of 
Which temperature and pressure have been loWered by being 
cooled in the cooling expansion mechanism (36) of the cool 
ing heat exchanger (45), thereby being cooled. 

In the fourth aspect, similarly to the third aspect, the open 
ing variable user side expansion valves (51, 52, 53) are pro 
vided in the user side circuits (11, 12, 13), respectively, so that 
the expansion stroke of the refrigeration cycle is performed 
not only in the heat source side circuit (14) but also in the user 
side circuits (11, 12, 13). Further, the gas-liquid separator 
(35) is provided for separating the refrigerant ?oWing therein 
from the expander (31) into the liquid refrigerant and the gas 
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4 
refrigerant, Wherein only the liquid refrigerant is distributed 
to the user side circuits (11, 12, 13). The liquid refrigerant sent 
from the gas-liquid separator (35) to the user side circuits (11, 
12, 13) is reduced in pressure by the user side expansion 
valves (1, 52, 53) and then ?oWs into the user side heat 
exchangers (41, 42, 43). 

In the ?fth aspect, the gas pipe (37) is mounted at the 
gas-liquid separator (35) so that the gas refrigerant in the 
gas-liquid separator (35) is sent to the compressor (30). The 
refrigerant ?oWing out from the expander (31) is separated by 
the gas-liquid separator (3 5) into the liquidrefrigerant and the 
gas refrigerant, Wherein only the gas refrigerant is sent to the 
compressor (30) through the gas pipe (37). 

In the sixth aspect, the refrigerant evaporated in the user 
side heat exchangers (41, 42, 43) is sucked into the loW-stage 
compression mechanism (3 0a) in the cooling operation. The 
gas refrigerant compressed and overheated in the loW-stage 
compression mechanism (30a) is sent to the high-stage com 
pression mechanism (30b). The gas refrigerant in a saturated 
state in the gas-liquid separator (35) is sent as Well to the 
high-stage compression mechanism (30b) through the gas 
pipe (37). The high-stage compression mechanism (30b) 
sucks and compresses the gas refrigerant from the loW-stage 
compression mechanism (30a) and the gas refrigerant from 
the gas-liquid separator (35). 

In the seventh aspect, the refrigerant is compressed by the 
compressor (30) to have a pressure higher than the critical 
pressure of the refrigerant. Accordingly, the refrigerant dis 
charged from the compressor (30) is in a supercritical state. In 
consequence, no liquid refrigerant is included at least in the 
discharged refrigerant even if damp refrigerant is sucked to 
the compressor (30), thereby de?nitely preventing generally 
called liquid compression. 

EFFECTS OF THE INVENTION 

In the ?rst to third aspects, the refrigerant in the gas-liquid 
tWo-phase state ?oWing out from the expander (31) is cooled 
by the cooling means (36, 45) of the heat source side circuit 
(14) to be forcedly in the single liquid state and is then 
distributed to the user side circuits (11, 12, 13) in the cooling 
operation. Namely, the refrigerant in the single liquid phase 
state ?oWs in the pipe in Which the refrigerant ?oWs from the 
heat source side circuit (14) to the user side circuits (11, 12, 
13) in the cooling operation so that the liquid refrigerant is 
supplied to the user side circuits (11, 12, 13). Accordingly, 
supply of the liquid refrigerant to the user side circuits (1 1, 12, 
13) causes no imbalance in the state of the refrigerant (a ratio 
of the liquid refrigerant to the gas refrigerant) even if the user 
side circuits (11, 12, 13) are different from each other in 
pressure loss caused in the course of refrigerant ?oWing from 
the heat source side circuit (14) to the user side circuits (11, 
12, 13). As a result, each amount of refrigerants supplied to 
the user side circuits (11, 12, 13) can be appropriately con 
trolled When compared With the case Where the refrigerant in 
the gas-liquid tWo-phase state is sent from the heat source side 
circuit (14) to the user side circuits (11, 12, 13). Hence, the 
controllability on cooling capacity of each user side circuit 
(11, 12, 13) in the cooling operation is enhanced irrespective 
ofthe location of the user side circuits (11, 12, 13). 

In the second aspect, the opening variable user side expan 
sion valves (51, 52, 53) are provided in the user side circuits 
(11, 12, 13), respectively, so that the expansion stroke of the 
refrigerating cycle is performed also in the user side circuits 
(11, 12, 13). Accordingly, in the case Where the user side 
circuits (11, 12, 13) receive different pressure losses caused in 
the course of refrigerant ?oWing from the heat source side 



US 7,908,878 B2 
5 

circuit (14) to the user side circuits (11, 12, 13), the difference 
in pressure loss between the user side circuits (11, 12, 13) can 
be adjusted by the user side expansion valves (51, 52, 53). In 
other Words, in the second aspect, even if the user side circuits 
(11, 12, 13) are different from each other in pipe length from 
the heat source side circuit (14) or in installation levels, 
adjustment of each opening of the user side expansion valves 
(51, 52, 53) achieves arbitrary setting of each amount of the 
refrigerants ?oWing in the user side circuits (11, 12, 13). 
Hence, each amount of the refrigerants supplied to the user 
side circuits (11, 12, 13) can be controlled appropriately 
irrespective of the location of the user side circuits (11, 12, 
13), thereby enhancing the controllability on cooling capacity 
of each user side circuit (11, 12, 13) in the cooling operation. 

In the fourth aspect, the refrigerant sent from the heat 
source side circuit (14) to the user side circuits (11, 12, 13) is 
alloWed to be in the single liquid phase state by the gas-liquid 
separator (35) in the cooling operation. Further, the opening 
variable user side expansion valves (51, 52, 53) are provided 
in the user side circuits (11, 12, 13), respectively, so that the 
expansion stroke of the refrigeration cycle is performed not 
only in the heat source side circuit (14) but also in the user side 
circuits (11, 12, 13). With the gas-liquid separator (35) pro 
vided, imbalance of the state of the refrigerant supplied 
betWeen the user side circuits (11, 12, 13) is prevented from 
being caused even in the case Where the user side circuits (11, 
12, 13) are different from each other in pressure loss caused in 
the course of refrigerating ?oWing from the heat source side 
circuit (14) to the user side circuits (11, 12, 13). In addition, 
adjustment of each opening of the user side expansion valves 
(51, 52, 53) achieves arbitrary setting of each amount of the 
refrigerants ?owing in the user side circuits (11, 12, 13). 
Hence, each amount of the refrigerants supplied to the user 
side circuits (11, 12, 13) can be controlled appropriately 
irrespective of the location of the user side circuits (11, 12, 
13), thereby enhancing the controllability on cooling capacity 
of each user side circuit (11, 12, 13) in the cooling operation. 

In the sixth aspect, not only the overheated gas refrigerant 
from the loW-stage compression mechanism (3011) but also 
the saturated gas refrigerant from the gas-liquid separator 
(35) are supplied to the high-stage compression mechanism 
(30b). This loWers the enthalpy of the refrigerant sucked in 
the high-stage compression mechanism (30b) to reduce 
poWer required for compression in the high-stage compres 
sion mechanism (30b), thereby increasing the COP (coef? 
cient of performance). In addition, the temperature of the 
refrigerant discharged from the high-stage compression 
mechanism (30b) loWers, thereby suppressing degradation of 
the oil and decomposition of the refrigerant. 

In the seventh aspect, the refrigerant circuit (10) performs 
the supercritical cycle Where the high pressure of the refrig 
eration cycle is higher than the critical pressure of the refrig 
erant, so that the refrigerant discharged from the compressor 
(30) is in the overheated state reliably. This alloWs the refrig 
erant discharged from the compressor (3 0) to be already in the 
overheated state even if damp refrigerant is sucked in the 
compressor (30), preventing liquid compression in the com 
pressor (30) de?nitely. As a result, the reliability of the refrig 
erating apparatus (20) increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic constitutional diagram of an air 
conditioner in accordance With Embodiment 1. 

FIG. 2 is a Mollier diagram shoWing a refrigeration cycle in 
a cooling operation of the air conditioner in accordance With 
Embodiment l. 
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6 
FIG. 3 is a schematic constitutional diagram of an air 

conditioner in accordance With Modi?ed Example 1 of 
Embodiment 1. 

FIG. 4 is a schematic constitutional diagram of an air 
conditioner in accordance With Embodiment 2. 

FIG. 5 is a schematic constitutional diagram of an air 
conditioner in accordance With Modi?ed Example 1 of 
Embodiment 2. 

FIG. 6 is a schematic constitutional diagram of an air 
conditioner in accordance With Modi?ed Example 2 of 
Embodiment 2. 

FIG. 7 is a schematic constitutional diagram of an air 
conditioner in accordance With Modi?ed Example 3 of 
Embodiment 2. 

FIG. 8 is a schematic constitutional diagram of an air 
conditioner in accordance With Modi?ed Example 4 of 
Embodiment 2. 

EXPLANATION OF REFERENCE NUMERALS 

10 refrigerant circuit 
11 indoor circuit (user side circuit) 
12 indoor circuit (user side circuit) 
13 indoor circuit (user side circuit) 
14 outdoor circuit (heat source side circuit) 
20 air conditioner (refrigerating apparatus) 
30 compressor 
30a loW-stage compression mechanism 
30b high-stage compression mechanism 
31 expander 
35 gas-liquid separator 
36 cooling expansion valve (cooling means, cooling 

expansion mechanism) 
37 gas pipe 
41 indoor heat exchanger (user side heat exchanger) 
42 indoor heat exchanger (user side heat exchanger) 
43 indoor heat exchanger (user side heat exchanger) 
44 outdoor heat exchanger (heat source side heat 

exchanger) 
45 internal heat exchanger (cooling means, cooling heat 

exchanger) 
51 indoor expansion valve (user side expansion valve) 
52 indoor expansion valve (user side expansion valve) 
53 indoor expansion valve (user side expansion valve) 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the present invention Will be described 
beloW in detail With reference to the accompanying draWings. 

Embodiment l of the Invention 

Embodiment l of the present invention Will be described. 
Embodiment l is, as shoWn in FIG. 1, directed to an air 
conditioner (20) composed of a refrigerating apparatus in 
accordance With the present invention. The air conditioner 
(20) performs vapor compression refrigeration cycle by cir 
culating refrigerant in a refrigerant circuit (1 0) for performing 
a cooling operation or a heating operation by sWitching a 
four-Way sWitching valve (25) described later. The air condi 
tioner (20) is of generally-called multi type in Which three 
indoor units (61, 62, 63) are provided With respect to a single 
outdoor unit (64). The number of the indoor units is a mere 
example. 
The indoor units (61, 62, 63) are installed in different ?oors 

in a building. The indoor units (61, 62, 63) are an upper ?oor 
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indoor unit (61), a middle ?oor indoor unit (62), and a lower 
?oor indoor unit (63). The outdoor unit (64) is installed in the 
same ?oor as the loWer ?oor indoor unit (63). 
The refrigerant circuit (10) includes three indoor circuits 

(11, 12, 13) as user side circuits and one outdoor circuit (14) 
as a heat source side circuit. Carbon dioxide (CO2) is ?lled as 
refrigerant in the refrigerant circuit (10). In the refrigerant 
circuit (10), the three indoor circuits (11, 12, 13) are con 
nected in parallel to the single outdoor circuit (14) by means 
of a ?rst communication pipe (15) and a second communica 
tion pipe (16). 

The indoor circuits (11, 12, 13) are accommodated in the 
indoor units (61, 62, 63), respectively. Indoor heat exchangers 
(41, 42, 43) as user side heat exchangers and opening variable 
indoor expansion valves (51, 52, 53) as user side expansion 
valves are connected in series in the indoor circuits (11, 12, 
13), respectively. In each of the indoor units (61, 62, 63), an 
indoor fan not shoWn is provided. 

Each of the indoor heat exchangers (41, 42, 43) is a cross 
?n type ?n and tube heat exchanger. Indoor air is supplied to 
the indoor heat exchangers (41, 42, 43) by the indoor fans not 
shoWn. The indoor heat exchangers (41, 42, 43) performs heat 
exchange betWeen the supplied indoor air and the refrigerant 
?oWing in the indoor heat exchangers (41, 42, 43). Each 
indoor expansion valve (51, 52, 53) is an electronic expansion 
valve. 

The outdoor circuit (14) is accommodated in the outdoor 
unit (64). The outdoor circuit (14) includes a compression/ 
expansion unit (26), an outdoor heat exchanger (44), an inter 
nal heat exchanger (45) as a cooling heat exchanger, the 
four-Way switching valve (25), a bridge circuit (24), and a 
cooling expansion valve (36) as a cooling expansion mecha 
nism. The internal heat exchanger (45) and the cooling expan 
sion valve (3 6) serve as cooling means in accordance With the 
present invention. The outdoor unit (64) also includes an 
outdoor fan not shoWn. 

The compression/expansion unit (26) includes a casing 
(21) as a longitudinal and cylindrical hermetic container. A 
compressor (3 0), an expander (31), and a motor (32) are 
accommodated in the casing (21). In the casing (21), the 
compressor (30), the expander (31), and the motor (32) are 
arranged from beloW to above in this order and are connected 
to one another by means of a rotary shaft. 

The compressor (30) and the expander (31) are composed 
of ?uid machineries of rotary piston type. The compressor 
(30) compresses the refrigerant to a pressure higher than the 
critical pres sure thereof. Namely, a high pres sure of the vapor 
compression refrigeration cycle becomes higher than the 
critical pressure of carbon dioxide in the refrigerant circuit 
(10). The expander (31) recovers poWer (expansion poWer) by 
expanding the refrigerant (CO2) ?oWing therein. The com 
pressor (3 0) is rotated and driven by both the poWer recovered 
by the expander (31) and poWer obtained by poWer conduc 
tion to the motor (32). To the motor (32), alternating current 
poWer at a predetermined frequency is supplied from an 
inverter not shoWn. The compressor (30) is variable in capac 
ity by changing the frequency of the poWer supplied to the 
motor (32). The compressor (30) and the expander (31) are 
rotated at the same rotation speed. 

The outdoor heat exchanger (44) is a generally-called cross 
?n type ?n and tube heat exchanger. Outdoor air is supplied to 
the outdoor heat exchanger (44) by the outdoor fan not shoWn. 
The outdoor heat exchanger (44) performs heat exchange 
betWeen the supplied outdoor air and the refrigerant ?oWing 
in the outdoor heat exchanger (44). In the outdoor circuit (14), 
the outdoor heat exchanger (44) is connected at one end 
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8 
thereof to the third port of the four-Way sWitching valve (25) 
While being connected at, the other end thereof to the bridge 
circuit (24). 
The cooling expansion valve (36) is variable in opening 

and is connected at one end thereof to a pipe connecting the 
indoor heat exchanger (44) and the bridge circuit (24) While 
being connected at the other end thereof to a pressure reduc 
ing pipe (55) connected to the internal heat exchanger (45). 
The cooling expansion valve (36) is an electronic expansion 
valve. 
The internal heat exchanger (45) includes a ?rst passage 

(46) and a second passage (47) arranged adjacently to each 
other so as to perform heat exchange betWeen the refrigerant 
in the ?rst passage (46) and the refrigerant in the second 
passage (47). In the outdoor circuit (14), the ?rst passage (46) 
is connected at one end thereof to the out?oW side of the 
expander (31) While being connected at the other end thereof 
to the bridge circuit (24). The second passage (47) is con 
nected at one end thereof to the pressure reducing pipe (55) 
While being connected at the other end thereof to a pipe 
connecting the suction side of the compressor (30) and the 
?rst port of the four-Way sWitching valve (25). The internal 
heat exchanger (45) performs heat exchange betWeen the 
refrigerant ?oWing out from the expander (31) into the ?rst 
passage (46) in the cooling operation and the refrigerant at a 
loW temperature ?oWing in the second passage (47) Which has 
been reduced in pressure by the pressure reducing pipe (55). 
The bridge circuit (24) is a circuit in Which four check 

valves (CV-1 to CV-4) are connected in bridges. In the bridge 
circuit (24), the in?oW sides of the ?rst check valve (CV-1) 
and the fourth check valve (CV-4) are connected to the other 
end of the ?rst passage (46) of the internal heat exchanger 
(45) While the out?oW sides of the second check valve (CV-2) 
and the third check valve (CV-3) are connected to the in?oW 
side of the expander (31) of the compression/expansion unit 
(26). Further, in the bridge circuit (24), the out?oW side of the 
?rst check valve (CV-1) and the in?oW side of the second 
check valve (CV-2) are connected to a ?rst closing valve (17) 
While the in?oW side of the third check valve (CV-3) and the 
out?oW side of the fourth check valve (CV-4) are connected to 
the other end of the indoor heat exchanger (44). 

In the outdoor circuit (14), the ?rst port of the four-Way 
sWitching valve (25) is connected to the suction side of the 
compressor (30). The second port thereof is connected to a 
second closing valve (18). The third port thereof is connected 
to one end of the indoor heat exchanger (44). The fourth port 
thereof is connected to the discharge side of the compressor 
(30). The four-Way sWitching valve (25) sWitches states 
betWeen the state Where the ?rst port and the second port 
communicates With each other While the third port and the 
fourth port are communicates With each other (the state indi 
cated by the solid lines in FIG. 1) and the state Where the ?rst 
port and the third port communicates With each other While 
the second port and the fourth port are communicates With 
each other (the state indicated by the broken lines in FIG. 1). 
As described above, the three indoor circuits (11, 12, 13) 

are connected to the single outdoor circuit (14) by means of 
the ?rst communication pipe (15) and the second communi 
cation pipe (16). The ?rst communication pipe (15) is con 
nected at one end thereof to the ?rst closing valve (17). 
Further, the ?rst communication pipe (15) branches at the 
other end thereof into three connected to the end portions on 
the indoor expansion valve (51, 52, 53) sides of the indoor 
circuits (11, 12, 13). The second communication pipe (16) is 
connected at one end thereof to the second closing valve (18). 
Further, the second communication pipe (16) branches at the 
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other end thereof into three connected to the end portions on 
the indoor heat exchanger (41, 42, 43) sides of the indoor 
circuits (11, 12, 13). 
iDriving Operationi 
<Heating Operation> 
An operation of the air conditioner (20) in a heating opera 

tion Will be described. 
In the heating operation, the four-Way sWitching valve (25) 

is sWitched to the state indicated by the broken lines in FIG. 1 
so that each opening of the indoor expansion valves (51, 52, 
53) is adjusted individually and the cooling expansion valve 
(36) is kept closed. 
When the compressor (30) is driven in this state, the refrig 

erant circulates in the refrigerant circuit (1 0) so that the refrig 
eration cycle is performed. In this state, the indoor heat 
exchangers (41, 42, 43) serve as condensers While the outdoor 
heat exchanger (44) serves as an evaporator. 

Speci?cally, the compressor (30) discharges high-pressure 
refrigerant Which has been compressed to have a pressure 
higher than the critical pressure thereof. The high-pressure 
refrigerant passes via the four-Way sWitching valve (25), 
?oWs into the second communication pipe (16), and is then 
distributed to the indoor circuits (11, 12, 13). 

In distribution, the refrigerants of Which amounts corre 
spond to the openings of the indoor expansion valves (51, 52, 
53) are supplied to the indoor circuits (11, 12, 13), respec 
tively. 

The high-pressure refrigerants distributed in the indoor 
circuits (11, 12, 13) are introduced to the indoor heat 
exchangers (41, 42, 43), respectively, to be heat exchanged 
With the indoor air. In this heat exchange, the high-pressure 
refrigerants release heat to the indoor air to heat the indoor air. 
The refrigerants Which have released the heat in the indoor 
heat exchangers (41, 42, 43) How together into the ?rst com 
munication pipe (15) and is then sent back to the outdoor 
circuit (14). 

The refrigerant ?oWing from the ?rst communication pipe 
(15) in the outdoor circuit (14) passes through the bridge 
circuit (24) and ?oWs into the expander (31). The refrigerant 
?oWing in the expander (31) is reduced in pressure, ?oWs out 
therefrom, passes through the ?rst passage (46) of the internal 
heat exchanger (45) and the bridge circuit (24), and is then 
introduced into the outdoor heat exchanger (44). 

The outdoor heat exchanger (44) performs heat exchange 
betWeen the thus introduced loW-pressure refrigerant and the 
outdoor air. In this heat exchange, the loW-pressure refriger 
ant absorbs heat from the outdoor air to be evaporated. The 
refrigerant Which has been evaporated in the outdoor heat 
exchanger (44) is sent to the compressor (30) through the 
four-Way sWitching valve (25). The refrigerant sucked in the 
compressor (30) is compressed to be high-pressure refriger 
ant and is then discharged from the compressor (3 0) again. 

<Cooling Operation> 
An operation of the air conditioner (20) in a cooling opera 

tion Will be described. 
In the cooling operation, the four-Way sWitching valve (25) 

is sWitched to the state indicated by the solid lines in FIG. 1 so 
that each opening of the indoor expansion valves (51, 52, 53) 
is adjusted individually and the opening of the cooling expan 
sion valve (36) is adjusted appropriately. 

Wherein, in the air conditioner (20), the indoor units (61, 
62, 63) are different from each other in installation level and 
receive different pressure losses caused in the course of 
refrigerant ?oWing from the outdoor circuit (14) to the indoor 
circuits (11, 12, 13). Speci?cally, the pressure loss in the 
loWer ?oor indoor unit (63) is larger than that in the middle 
?oor indoor unit (62) Which is larger than that in the upper 
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?oor indoor unit (61). In the air conditioner (20), in order to 
distribute the refrigerant evenly to the indoor units (61, 62, 
63), the openings of the indoor expansion valves are set 
smaller as it goes doWnstairs. 
When the compressor (30) is driven in this state, the refrig 

erant circulates in the refrigerant circuit (1 0) so that the refrig 
eration cycle is performed. In this state, the outdoor heat 
exchanger (44) serves as a condenser While the indoor heat 
exchangers (41, 42, 43) serve as evaporators. 

Speci?cally, the compressor (30) discharges high-pressure 
refrigerant Which has been compressed to have a pressure 
higher than the critical pressure thereof. The high-pressure 
refrigerant is sent to the outdoor heat exchanger (44) via the 
four-Way sWitching valve (25). The high-pressure refrigerant 
introduced in the outdoor heat exchanger (44) is heat 
exchanged With the outdoor air to release heat to the outdoor 
air. 

The refrigerant Which has released the heat in the outdoor 
heat exchanger (44) is divided into tWo. One of them passes 
through the bridge circuit (24) and ?oWs into the expander 
(31) While the other ?oWs into the pressure reducing pipe 
(55). The refrigerant ?oWing in the expander (31) is reduced 
in pressure and ?oWs out into the ?rst passage (46) of the 
internal heat exchanger (45). The refrigerant ?oWing in the 
pressure reducing pipe (55) is reduced in pressure by the 
cooling expansion valve (36) and ?oWs into the second pas 
sage (47) of the internal heat exchanger (45). 
The opening of the cooling expansion valve (36) is 

adjusted so as to reduce the pressure of the passing refrigerant 
to a pressure loWer than that of the refrigerant reduced in the 
expander (31). Accordingly, the temperature of the refriger 
ant ?owing in the second pas sage (47) is loWer than that of the 
refrigerant ?oWing in the ?rst passage (46). 
The refrigerant ?oWing out from the expander (31) into the 

?rst passage (46), Which is in the gas-liquid tWo-phase state 
Where gas refrigerant and liquid refrigerant are present, is 
cooled in the ?rst passage (46) by the refrigerant ?oWing in 
the second passage (47), so that the gas refrigerant is lique 
?ed. Thus, the refrigerant Which has passed through the ?rst 
passage (46) is in a single liquid phase state. 

FIG. 2 is a Mollier diagram in the above refrigeration cycle. 
The state change of the refrigerant in the expansion stroke in 
the expander (31) is expressed by change from the point (1) to 
the point (2). The state change of the refrigerant in the expan 
sion stroke in the cooling expansion valve (36) is expressed 
by change from the point (1) to the point (5). The state change 
of the refrigerant in cooling the refrigerant in the ?rst passage 
(46) of the internal heat exchanger (45) is expressed by 
change from the point (2) to the point (3). The state change of 
the refrigerant in cooling the refrigerant in the ?rst passage 
(46) by the refrigerant passing through the second passage 
(47) is expressed by change from the point (5) to the point (6). 
The liquid refrigerant having passed through the ?rst pas 

sage (46) ?oWs into the ?rst communication pipe (15) via the 
bridge circuit (24) to be distributed into the indoor circuits 
(11, 12, 13). In distribution, refrigerants of Which amounts 
correspond to the openings of the indoor expansion valves 
(51, 52, 53) are supplied to the indoor circuits (11, 12, 13), 
respectively. The liquid refrigerants distributed in the indoor 
circuits (11, 12, 13) are reduced in pressure by the indoor 
expansion valves (51, 52, 53) and then ?oW into the indoor 
heat exchangers (41, 42, 43), respectively. 
The state change of the refrigerant Where the refrigerant 

sent out from the outdoor circuit (14) ?oWs into the indoor 
circuits (11, 12, 13) is expressed by change (pressure loWer 
ing) from the point (3) to the point (4) in FIG. 2. This pressure 
loWering is caused in the indoor units (11, 12, 13) due to 
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pressure loss in the indoor expansion valves (51, 52, 53) and 
between the outdoor circuit (14) and the indoor circuits (11, 
12, 13). Wherein, the pressure lowering caused due to the 
pressure loss becomes large as it goes upstairs and becomes 
small as it goes doWnstairs. Pressure loWering caused by the 
indoor expansion valves (51, 52, 53) is adjusted appropriately 
in the indoor units (61, 62, 63), respectively. 

The loW-pressure liquid refrigerant introduced in each 
indoor heat exchanger (41, 42, 43) is heat exchanged With the 
indoor air. In this heat exchange, the loW-pressure liquid 
refrigerant absorbs heat from the indoor air to be evaporated, 
With a result that the indoor air is cooled. The refrigerants 
having absorbed the heat in the indoor heat exchangers (41, 
42, 43) How together into the second communication pipe 
(16) and are then returned to the outdoor circuit (14). On the 
other hand, the indoor air cooled in the indoor heat exchang 
ers (41, 42, 43) is supplied indoors as conditioned air. 

The refrigerant ?oWing in the outdoor circuit (14) from the 
second communication pipe (16) passes through the four-Way 
sWitching valve (25), is combined With the refrigerant having 
passed through the second passage (47), and is then sent to the 
compressor (30). The refrigerant sucked in the compressor 
(30) is compressed to have a high pressure and is then dis 
charged from the compressor (30) again. 

iEffects in Embodiment 1* 
In Embodiment l, the refrigerant in the gas-liquid tWo 

phase state ?oWing out from the expander (31) is cooled by 
the cooling means (36, 45) of the outdoor circuit (14) in the 
cooling operation to be forcedly in the single liquid phase 
state and is then distributed to the indoor circuits (11, 12, 13). 
In other Words, the refrigerant in the liquid single phase state 
flows in the pipe Where the refrigerant flows from the outdoor 
circuit (14) to the indoor circuits (11, 12, 13) in the cooling 
operation so that the liquid refrigerant is supplied to the 
indoor circuits (11, 12, 13). Since the liquid refrigerant is 
supplied to the indoor circuits (11, 12, 13), no imbalance in 
the state of the refrigerant (a ratio of the liquid refrigerant to 
the gas refrigerant) is caused even in the case as in Embodi 
ment 1 Where difference in installation level betWeen the 
indoor units (61, 62, 63) causes difference in pressure loss 
caused in the course of refrigerant ?oWing from the outdoor 
circuit (14) to the indoor circuits (11, 12, 13). Accordingly, 
each amount of the refrigerants supplied to the indoor circuits 
(11, 12, 13) can be controlled appropriately When compared 
With the case Where the refrigerant in the gas-liquid tWo 
phase state is supplied from the outdoor circuit (14) to the 
indoor circuits (11, 12, 13). Hence, the controllability on 
cooling capacity in the cooling operation can be enhanced in 
each of the indoor circuits (11, 12, 13) irrespective of the 
location of the indoor circuits (11, 12, 13). 

Further, in Embodiment l, the opening variable indoor 
expansion valves (51, 52, 53) are provided in the indoor 
circuits (11, 12, 13), respectively, so that the expansion stroke 
of the refrigeration cycle is performed also in the indoor 
circuits (11, 12, 13). Hence, the indoor expansion valves (51, 
52, 53) adjust the difference in pressure loss betWeen the 
indoor circuits (11, 12, 13) in the case as in Embodiment 1 
Where the indoor circuits (11, 12, 13) are different from each 
other in pressure loss caused in the course of refrigerant 
?oWing from the outdoor circuit (14) to the indoor circuits 
(11, 12, 13) With the presence of difference in installation 
level betWeen the indoor units (61, 62, 63). In short, adjust 
ment of each opening of the indoor expansion valves (51, 52, 
53) achieves arbitrary setting of each amount of the refriger 
ants ?oWing in the indoor circuits (11, 12, 13) in Embodiment 
l . In consequence, each amount of the refrigerants supplied to 
the indoor circuits (11, 12, 13) are controlled appropriately 
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irrespective of the location of the indoor circuits (11, 12, 13), 
thereby enhancing the controllability on cooling capacity of 
each indoor circuit (11, 12, 13) in the cooling operation. 

In addition, in Embodiment 1, carbon dioxide (CO2) is 
used as the refrigerant ?lled in the refrigerant circuit (10) for 
alloWing the refrigerant circuit (10) to perform the supercriti 
cal cycle Where the pressure of the refrigerant in the refrig 
eration cycle is higher than the critical pressure of the refrig 
erant, so that the refrigerant discharged from the compressor 
(30) is in an overheated state de?nitely. This means that even 
if the compressor (30) sucks damp refrigerant, the refrigerant 
discharged from the compressor (3 0) is already overheated to 
prevent liquid compression in the compressor (30) de?nitely. 
As a result, the reliability of the air conditioner (20) increases. 

Modi?ed Example 1 of Embodiment l 

Modi?ed Example 1 Will be described. FIG. 3 shoWs a 
schematic construction of an air conditioner (20) of Modi?ed 
Example 1. The air conditioner (20) of Modi?ed Example 1 
includes no indoor expansion valves (51, 52, 53) in the indoor 
circuits (11, 12, 13). In the air conditioner (20), only the 
expander (31) of the outdoor circuit (14) performs the expan 
sion stroke of the refrigeration cycle. 

In the air conditioner (20), the refrigerant expanded in the 
expander (31) of the outdoor circuit (64) is cooled in the 
internal heat exchanger (45) to be changed in state from the 
gas-liquid tWo-phase state to the single liquid phase state and 
is then introduced into the indoor heat exchanger (41, 42, 43) 
ofthe indoor circuits (11, 12, 13). 

If the difference in installation level betWeen the indoor 
units (61, 62, 63) and the outdoor unit (64) is small and the 
indoor units (61, 62, 63) are installed substantially on a level, 
the air conditioner (20) of Modi?ed Example 1 can distribute 
the refrigerant evenly to the indoor circuits (11, 12, 13) With 
no indoor expansion valves (51, 52, 53) provided. With no 
refrigerant expanded in the indoor circuits (11, 12, 13), the 
expander (31) can recover much more poWer generated in 
association With expansion of the refrigerant. 

Embodiment 2 

Embodiment 2 of the present invention Will be described. 
FIG. 4 shoWs a schematic construction of an air conditioner 
(20) of Embodiment 2. The air conditioner (20) includes a 
gas-liquid separator (35) in place of the internal heat 
exchanger (45) in the outdoor circuit (14). Further, no pres 
sure reducing pipe (55) is included. 

Speci?cally, the gas-liquid separator (35) is a longitudinal 
and cylindrical hermetic container having a top face, a bottom 
face, and a side face to Which pipes are connected. The pipe 
connected to the top face of the gas-liquid separator (35) 
forms a gas pipe (37) Which is connected to a pipe that 
connects the suction side of the compressor (30) and the ?rst 
port of the four-Way sWitching valve (25) and in Which an 
expansion valve (34) is provided. The pipe connected to the 
bottom face thereof is connected to the in?oW sides of the ?rst 
check valve (CV-1) and the fourth check valve (CV-4) of the 
bridge circuit (24). The pipe connected to the side face thereof 
is connected to the out?oW side of the expander (31) and 
passes through a comparatively upper part of the side face 
thereof so as to be open to the gas space in the gas-liquid 
separator (35). 

In the refrigerating apparatus of Embodiment 2, the refrig 
erant ?oWing out from the expander (31) ?oWs into the gas 
liquid separator (35) to be separated into the liquid refrigerant 
and the gas refrigerant in the cooling operation. The liquid 
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refrigerant out of them ?oWs out from the pipe connected to 
the bottom of the gas-liquid separator (35), passes through the 
bridge circuit (24), and is then distributed to the indoor cir 
cuits (11, 12, 13). On the other hand, the gas refrigerant ?oWs 
out from the gas pipe (37) and is then reduced in pressure by 
the expansion valve (34). After reduced in pressure by the 
expansion valve (34), the gas refrigerant is combined With the 
refrigerant ?oWing from the ?rst port of the four-Way sWitch 
ing valve (25) toWard the suction side of the compressor (30) 
to be sucked into the compressor (30). The opening of the 
expansion valve (34) is controlled so that the liquid level in 
the gas-liquid separator (35) is almost ?xed. 

iEffects of Embodiment 2* 
In Embodiment 2, the gas-liquid separator (35) alloWs the 

refrigerant sent from the outdoor circuit (14) to the indoor 
circuits (11, 12, 13) to be in the single liquid phase state in the 
cooling operation. Further, the opening variable indoor 
expansion valves (51, 52, 53) are provided in the indoor 
circuits (11, 12, 13), respectively, so that the expansion stroke 
of the refrigeration cycle is performed not only in the outdoor 
circuit (14) but also in the indoor circuits (11, 12, 13). Though 
this causes difference betWeen the indoor circuits (11, 12, 13) 
in pressure loss caused in the course of refrigerant ?oWing 
from the outdoor circuit (14) to the indoor circuits (11, 12, 
13), the gas-liquid separator (35) prevents imbalance in the 
state of the refrigerant supplied betWeen the indoor circuits 
(11, 12, 13). Further, adjustment of each opening of the 
indoor expansion valves (51, 52, 53) achieves arbitrary set 
ting of each amount of the refrigerants ?oWing in the indoor 
circuits (11, 12, 13). Hence, each amount of the refrigerants 
supplied to the indoor circuits (11, 12, 13) can be controlled 
appropriately irrespective of the location of the indoor cir 
cuits (11, 12, 13), thereby enhancing the controllability on 
cooling capacity of each indoor circuit (11, 12, 13) in the 
cooling operation. 

Modi?ed Example 1 of Embodiment 2 

Modi?ed Example 1 of Embodiment 2 Will be described. 
FIG. 5 shoWs a schematic construction of an air conditioner 
(20) of Modi?ed Example 1. In Modi?ed Example 1, the gas 
pipe (37) is connected to the compressor (30) so that the gas 
refrigerant in the gas-liquid separator (35) is introduced from 
the gas pipe (37) in the middle of the compression stroke of 
the compressor (3 0). In addition, the expansion valve (34) is 
provided betWeen the bridge circuit (24) and the outdoor heat 
exchanger (44). 

In Modi?ed Example 1, the refrigerant is reduced in pres 
sure by the indoor expansion valves (51, 52, 53) of the indoor 
circuits (11, 12, 13), so that the pressure of the refrigerant 
?oWing into the indoor circuits (11, 12, 13) is higher than the 
pressure of the refrigerant ?oWing out from the indoor circuits 
(11, 12, 13). The pressure of the refrigerant ?oWing into the 
indoor circuits (11, 12, 13) is almost equal to the pressure of 
the refrigerant in the gas-liquid separator (35) While the pres 
sure of the refrigerant ?oWing out from the indoor circuits 
(11, 12, 13) is almost equal to the pressure of the refrigerant 
on the suction side of the compressor (30). In other Words, in 
Modi?ed Example 1, the gas refrigerant in a saturated state at 
a pressure higher than that of the refrigerant introduced in the 
compressor (30) from the indoor circuits (11, 12, 13) is intro 
duced from the gas-liquid separator (35) to the gas pipe (37) 
in the middle of the compression stroke of the compressor 
(30). Hence, the enthalpy of the refrigerant in the compressor 
(30) loWers to reduce poWer required for compression in the 
compressor (30), thereby implementing an increase in COP 
(coef?cient of performance). In addition, the temperature of 
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the refrigerant discharged from the compressor (30) loWers to 
suppress degradation of the oil and decomposition of the 
refrigerant. 

Modi?ed Example 2 of Embodiment 2 

Difference of Modi?ed Example 2 from Modi?ed 
Example 1 of Embodiment 2 Will be described. FIG. 6 shoWs 
a schematic construction of an air conditioner (20) of the 
present modi?ed example. 
The gas-liquid separator (35) includes a top face to Which 

one pipe is connected and a bottom face to Which tWo pipes 
are connected. The gas-liquid separator (35) is provided With 
a baf?e board (39) separating the loWer part of the inner space 
thereof into tWo. The tWo pipes connected to the bottom face 
of the gas-liquid separator (35) are open at parts apart form 
each other With the baf?e board (39) interposed. The pipe 
connected to the top face thereof forms the gas pipe (37) 
connected to the compressor (30) so that the gas refrigerant in 
the gas-liquid separator is introduced in the middle of the 
compression stroke of the compressor (30), similarly to 
Modi?ed Example 1. One of the pipes connected to the bot 
tom face thereof is connected to the ?rst closing valve (17) 
While the other thereof is connected to the out?oW side of the 
?rst check valve (CV-1) and the in?oW side of the second 
check valve (CV-2) of the bridge circuit (24). The out?oW side 
of the expander (31) is connected to the in?oW sides of the 
?rst check valve (CV-1) and the fourth check valve (CV-4) of 
the bridge circuit (24). 

In the cooling operation, the refrigerant in the gas-liquid 
tWo-phase state from the expander (31) ?oWs from the right 
pipe connected at the bottom face of the gas-liquid separator 
(35), and therefore, the baf?e board (39) is provided for 
preventing the gas refrigerant mixed With the liquid refriger 
ant from ?oWing out from the left pipe connected at the 
bottom face thereof. 

In Modi?ed Example 2, the expansion valve (34) can be 
dispensed With, thereby reducing the cost for manufacturing 
the air conditioner (20). 

Modi?ed Example 3 of Embodiment 2 

Difference of Modi?ed Example 3 from Modi?ed 
Example 1 of Embodiment 2 Will be described. FIG. 7 shoWs 
a schematic construction of an air conditioner (20) of Modi 
?ed Example 3. 

In Modi?ed Example 3, the compressor (30) is composed 
of a loW-stage compression mechanism (30a) and a high 
stage compression mechanism (30b). The loW-stage com 
pression mechanism (30a) and the high-stage compression 
mechanism (30b) are connected to each other in series. Spe 
ci?cally, the compressor (30) is so composed that the high 
stage compression mechanism (30b) sucks to compress fur 
ther the refrigerant compressed in the loW-stage compression 
mechanism (30a). The gas pipe (37) is connected at the con 
nection part betWeen the loW-stage compression mechanism 
(30a) and the high-stage compression mechanism (30b). 

In Modi?ed Example 3, the gas refrigerant in the saturated 
state at a pres sure higher than that of the refrigerant sucked in 
the loW-stage compression mechanism (30a) is introduced 
from the gas-liquid separator (35) to the high-stage compres 
sion mechanism (30b) through the gas pipe (37). Hence, the 
enthalpy of the refrigerant sucked in the high-stage compres 
sion mechanism (31b) loWers to reduce poWer required for 
compression in the high-stage compression mechanism 
(3111), thereby contemplating an increase in COP (coef?cient 
of performance). Further, the temperature of the refrigerant 
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discharged from the high-stage compression mechanism 
(30b) lowers to suppress degradation of the oil and decom 
position of the refrigerant. 

Modi?ed Example 4 of Embodiment 2 

Difference of Modi?ed Example 4 from Modi?ed 
Example 2 of Embodiment 2 Will be described. FIG. 8 shoWs 
a schematic construction of a refrigerating apparatus of the 
present modi?ed example. 

In Modi?ed Example 4, the compressor (30) is composed 
of the loW-stage compression mechanism (30a) and the high 
stage compression mechanism (30b). The loW-stage com 
pression mechanism (30a) and the high-stage compression 
mechanism (30b) are connected to each other in series. Spe 
ci?cally, the compressor (30) is so composed that the high 
stage compression mechanism (30b) sucks to compress fur 
ther the refrigerant compressed in the loW-stage compression 
mechanism (30a). The gas pipe (37) is connected at the con 
nection part betWeen the loW-stage compression mechanism 
(30a) and the high-stage compression mechanism (3 0b). 

In Modi?ed Example 4, the gas refrigerant in the saturated 
state at a pres sure higher than that of the refrigerant sucked in 
the loW-stage compression mechanism (30a) is introduced 
from the gas-liquid separator (35) to the high-stage compres 
sion mechanism (30b) through the gas pipe (37). Hence, the 
enthalpy of the refrigerant sucked in the high-stage compres 
sion mechanism (31b) loWers to reduce poWer required for 
compression in the high-stage compression mechanism 
(3111), thereby contemplating an increase in COP (coef?cient 
of performance). Further, the temperature of the refrigerant 
discharged from the high-stage compression mechanism 
(30b) loWers to suppress degradation of the oil and decom 
position of the refrigerant. 

The above described embodiments are essentially pre 
ferred examples and are not intended to limit the scope of the 
present invention, applicable matters, and use. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention is useful for 
multi type refrigerating apparatuses in Which a plurality of 
user side circuits are connected in parallel to a heat source 
side circuit. 
The invention claimed is: 
1. A refrigerating apparatus Which includes a refrigerant 

circuit performing a refrigeration cycle by circulating refrig 
erant, 

the refrigerant circuit including: a heat source circuit pro 
vided With a compressor, an expander, and a heat source 
side heat exchanger and a plurality of user side circuits 
respectively provided With user side heat exchangers 
and connected in parallel to the heat source side circuit, 
and 

Which is capable of performing a cooling operation Where 
the heat source side heat exchanger serves as a con 

denser While the user side heat exchangers serve as 
evaporators, 
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Wherein the heat source side circuit includes cooling means 

for cooling the refrigerant sent from the expander to the 
user side circuits in the cooling operation, Wherein the 
user side circuits include opening variable user side 

5 expansion valves on upstream sides in the cooling opera 
tion of the user side heat exchangers, respectively. 

2. The refrigerating apparatus of claim 1, Wherein the cool 
ing means includes a cooling expansion mechanism Which 
reduces a pressure of a part of the refrigerant having been 
condensed in the heat source side heat exchanger and ?oWing 
therein and a cooling heat exchanger Which cools the refrig 
erant sent from the expander to the user side circuits by heat 
exchange With the refrigerant of Which pressure has been 
reduced in the cooling expansion mechanism. 

3. A refrigerating apparatus Which includes a refrigerant 
circuit performing a refrigeration cycle by circulating refrig 
erant, 

the refrigerant circuit including: a heat source circuit pro 
vided With a compressor, an expander, and a heat source 
side heat exchanger and a plurality of user side circuits 
respectively provided With user side heat exchangers 
and connected in parallel to the heat source side circuit, 
and 

Which is capable of performing a cooling operation Where 
the heat source side heat exchanger serves as a con 

denser While the user side heat exchangers serve as 

evaporators, 
Wherein the user side circuits include opening variable user 

side expansion valves on upstream sides in the cooling 
operation of the user side heat exchangers, respectively, 
and 

the heat source side circuit includes a gas-liquid separator 
for separating the refrigerant ?oWing from the expander 
into liquid refrigerant and gas refrigerant and for send 
ing the liquid refrigerant to the user side circuits. 

4. The refrigerating apparatus of claim 3, Wherein a gas 
pipe for sending the gas refrigerant in the gas-liquid separator 

40 to the compressor is mounted at the gas-liquid separator. 
5. The refrigerating apparatus of claim 3, Wherein the com 

pressor includes 
a loW-stage compression mechanism and a high-stage 

compression mechanism Which are connected to each 
other in series, the high-pressure compression mecha 
nism compressing further refrigerant having been com 
pressed in the loW-stage compression mechanism, and 

a gas pipe for sending the gas refrigerant in the gas-liquid 
separator to the high-stage compression mechanism is 
mounted at the gas-liquid separator. 

6. The refrigerating apparatus of any one of claims 1 to 5, 
Wherein the refrigerant circuit is set so that a high pressure of 
the refrigeration cycle is higher than a critical pressure of the 
refrigerant. 
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